ABSTRACT purpose. To compare the medium-term outcome of revision total knee arthroplasty (TKA) for septic versus aseptic failure. Methods. Records of 142 patients who underwent revision TKA by a single senior surgeon for septic (n=65) or aseptic (n=77) failure were reviewed. In the septic group, 67 knees in 42 women and 23 men were included. In the aseptic group, 88 knees in 51 women and 26 men were included. The Knee Society Score was measured. The Kaplan Meier survival curve at months 36, 60, and 95 was plotted, with revision as the end point. The survival rates at each specific time point between the 2 groups were compared using the Z test. results. The Knee Society Scores improved 18% from 51 to 69 in the septic group and 18% from 52 to 70 in the aseptic group (p=0.72). The range of motion improved 30% from 72º to 102º in the septic group and 39% from 62º to 100º in the aseptic group (p<0.001). conclusion. Results of the 2 groups were similar in terms of the Knee Society Score, range of motion, and
introduction
The 15-to-20-year survivorship of primary total knee arthroplasty (TKA) is about 88 to 93%. Infection is the most devastating complication, with a frequency of 0.3 to 12% in primary TKA [1] [2] [3] and 1 to 15% in revision TKA. [3] [4] [5] [6] [7] [8] [9] [10] Infection can be caused by patient/host and/or operative factors. Patients with rheumatoid arthritis, recurrent urinary tract infection, immunecompromised conditions secondary to chronic steroid intake, diabetes, or previous organ transplantation are at a higher risk of infection, 2, 3 as are poor operating room environment, increased human traffic in theatre, and longer surgical times. Revision surgery invloves eradication of infection and removal of implants, followed by re-implantation of implants in one or 2 stages, with the 2-stage procedure being the gold standard.
Aseptic failure of TKA can be caused by loosening, malrotation, osteolysis with polyethylene wear, ligamentous laxity, periprosthetic fractures, and patellofemoral complications. 18 Polyethylene wear may cause pain and instability secondary to osteolysis and/or loosening. Instability may be due to primary ligament imbalance or incompetence, malalignment of components, and deficient extensor mechanism.
Outcome of revision TKA for septic failure has been reported to be inferior, [19] [20] [21] superior, 22 or similar 13 to that for aseptic failure. This study compared the medium-term outcome of revision TKA for septic versus aseptic failure.
Materials and Methods
This study was approved by the ethics committee of the hospital. Records of 142 patients who underwent revision TKA by a single senior surgeon for septic (n=65) or aseptic (n=77) failure between January 2000 and December 2008 were retrospectively reviewed. In the septic group, 67 knees in 42 women and 23 men were included. Comorbidities of the patients included rheumatoid arthritis (n=17), diabetes (n=36), urinary sepsis (n=11), and history of renal transplant (n=1). The presenting symptoms included pain, persistent wound drainage, raised wound temperature, skin erythema, and decreased range of motion. The erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) level, and differential leukocyte count of all patients were measured. Other causes of haematogenous seeding (such as urinary infections, dental extractions, distant skin infections) were investigated. Patients were classified according to the type of infection using the Tsukayama classification 10 ; all patients who underwent a 2-stage revision TKA were either type II or III. Preoperative aspiration and culture was performed after ceasing antibiotics for 2 weeks.
In the aseptic group, 88 knees in 51 women and 26 men were included. The presenting symptoms included pain, swelling, instability, loss of motion, and stiffness. The TKAs were classified based on the Ewalds' scoring system. Causes of failure included femoral and tibial loosening (n=21), tibial loosening (n=28), femoral loosening (n=13), patellofemoral complications (n=9), malalignment/malrotation (n=11), and periprosthetic fracture (n=6).
surgical technique for the septic group
In the septic group, medial parapatellar arthrotomy was performed. All sinus and infected tissues and synovium were excised. Fluid and synovium were sent for histopathology and culture. Gram staining was unreliable and thus not performed. Intraoperative cultures yield a high percentage of falsenegative and false-positive results. 23 Diagnosis was based on a combination of clinical presentation, total white cell count, percentage of neutrophils in the synovial fluid, and haematologic findings. Implant components and cement were removed and all necrotic and infected dead tissues were excised, with preservation of as much bone as possible. The joint was thoroughly lavaged. An articulating spacer made of antibiotic-laden bone cement was then applied on the bone ends. Care was taken to prevent the cement from sticking to the bone surfaces for easy removal of cement during the second stage. The wound was then closed without any drain. A posterior plaster slab was applied with the limb in extension.
The most common organism isolated was Staphylococcus aureus (Table 1) . If no organism was isolated, broad-spectrum antibiotics (ceftriaxone and tobramycin) were started. Patients were then discharged on antibiotics for 6 weeks. Isometric quadriceps exercises were encouraged. Patients were followed up at 2-week intervals to monitor the ESR and CRP levels. If these were within the normal range at 6 weeks after withholding anitbiotics for 2 weeks, the second-stage surgery was performed.
The cement spacer was removed, and biopsy samples from both the medial and lateral condyles of the tibia and femur were taken, as they are highly predictive to rule out infection. 24 Re-implantation proceeded when infection was ruled out (<5 neutrophillic polymorph leukocytes per high power field [hpf] in 10 hpfs). The choice of implant depended on the extent of bone loss, instability, and the presence of collaterals; the implants used were LPS (n=23), LCCK (n=38), and RHK (n=6).
Organism isolated
No. of knees In the aseptic group, medial parapatellar arthrotomy was also performed. If difficulty was encountered in patellar eversion, a rectus snip (28 knees) or very rarely a tibial tubercle osteotomy (2 knees) was performed. The implant components were removed with minimal bone loss. All bone loss was used for augmentation. The choice of implant depended on the integrity of the collaterals, the amount of bone loss, and instability; the implants used were LPS (n=41), LCCK (n=37), and RHK (n=10).
postoperative measures
Postoperatively, an external pump and low-molecularweight herparin to prevent deep vein thrombosis were provided. Knee mobilisation and static quadriceps exercises were started on day 1, and walking with a walker on day 3. Wounds were dressed on days 2 and 5; any sign of inflammation was looked for. Most patients were discharged on day 7 (range, 7-10).
Patients were followed up at 3 weeks (suture removal), 6 weeks, 12 weeks, 6 months and then annually. The Knee Society Score was measured. The Kaplan Meier survival curve was plotted, with revision as the end point. The survival rates at specific time points (months 36, 60, and 95) between the 2 groups were compared using the Z test. A p value of <0.05 was considered statistically significant.
results
In the septic group, the mean follow-up period was 71.6 (range, 31-118) months. The mean interval between the 2 stages was 9 (range, 7-11.2) weeks. The mean range of motion improved 30% from 72º (range, 30º-100º) to 102º (range, 70º-120º). The mean Knee Society Score improved 18% from 51 (range, 25-66) to 69 (range, 40-85), whereas the mean Knee Society Functional Score improved 19% from 46 (range, 20-60) to 65 (range, 50-80). Complications that occurred were deep infection (n=6), aseptic loosening (n=2), and periprosthetic fracture (n=1). 11 patients had an extensor lag of ≤10º. Regarding the deep infections, 4 entailed multiple organisms and 2 were due to methicillin-resistant Staphylococcus aureus (MRSA). After repeat 2-stage revision surgery, 4 recovered well and 2 had recurrent infection. One of them had persistent infection despite another revision surgery and had to undergo an above-knee amputation. The patient with a periprosthetic fracture was revised with a hinged implant and had a range of motion from 0º and 70º.
In the aseptic group, the mean follow-up period was 74.5 (range, 30-119) months. The mean range of motion improved 39% from 62º (range, 0º-100º) to 100º (range, 70º-120º). The Knee Society Score improved 18% from 52 (range, 25-68) to 70 (range, 40-85), whereas the Knee Society Functional Score improved 21% from 43 (range, 10-65) to 64 (range, 40-80). Complications occurred were deep infections (n=5), patellar maltracking (n=3), and aseptic loosening (n=5). All complications were resolved after further revision surgery.
Results of the 2 groups were similar in terms of the Knee Society Score, range of motion, and the KaplanMeier survivorship (Table 2 and Fig.) . This could be attributed to aggressive eradication of infection and adherence to strict protocols. discussion Antibiotic prophylaxis, minimising personnel traffic in and out of the operating room, laminar air flow systems along with the iodophor drapes, and recourse to antibiotic-impregnated cement are all important measures to decrease the infection rate.
Success rates following revision surgery for Table 2 The Z values for difference in survival rates in the 2 groups at months 36, 60, and 95 aseptic failure have been reported to be 46 to 92%. 4, 8, 9, [11] [12] [13] [14] [15] [16] 19, 20, [25] [26] [27] [28] Functional improvement in terms of stability, motion, and pain was significantly less after revision surgery for aseptic failure than after primary TKA. 6 Patients with aseptic failure can perform quite well if treat with proper surgical technique and implants. 5 Results of primary TKA and revision TKA are similar, but revision TKA entails a higher risk of extensor mechanism problems and less pain relief. 7 Results following aseptic revision TKA and primary TKA were similar at mid-term followup. 20 Patient selection and preoperative diagnosis affects outcome of aseptic revisions. 22 Patients with aseptic failure but without knee stiffness achieved better outcomes. 22 Patients revised for stiffness as Figure  Kaplan Meier survival curve in patients undergoing revision total knee arthroplasty for septic versus aseptic failure. opposed to loosening or instability have inferior outcomes. 21 In general, results were inferior in revision for septic TKA than for aseptic TKA. The success rate of revision TKA was 80% in knees infected with low-virulence organisms (coagulase-negative staphylococcus, streptococcus), compared to 71% in knees infected with polymicrobial organisms and 67% in knees infected with high virulence organisms like MRSA.
14 Clinical outcome was inferior in the septic than aseptic group using the same implant, but the degree of satisfaction was equal. 19 Inferior results were partly due to the additional (second) surgical procedure, inflammation and scarring owing to the insertion of the spacer block, immobilisation, removal of the spacer and reinsertion of revision components, all of which could have contributed to the inferior postoperative results. 19 The overall results for septic revisions were less satisfactory than those for aseptic revisions. 22 Aseptic revision TKA achieved a significantly better Knee Society Score and range of motion, but pain and functional scores were similar in both groups. 22 Although initially the septic group had a worse baseline SF-36 physical score and WOMAC functional score than the non-infective group, at the 2-year follow-up both cohorts had similar functional outcomes. 13 Periprosthetic infections did not preclude good outcomes for revision arthroplasty. 13 However, one study reported better outcome after revision TKA for septic than aseptic failure in terms of Knee Society Score, Functional Score, and SF-36 mental score. 22 The indication for aseptic revision was an important variable, as those revised for stiffness in the aseptic group had the worst outcomes. 
